In Africa, milk and dairy products play an important role in human nutrition but could represent a risk to human health, due to poor hygiene throughout the production chain. This study aimed firstly to assess the contamination of raw milk produced in traditional dairy farms in Abidjan with Bacillus cereus from farm to retail and secondly to assess the associated health risk for consumers in informal markets using a participatory approach. In total, 320 samples including 150 milk samples were collected in 15 purposively selected traditional dairy farms from four sites of Abidjan and analysed according to EN ISO 7932:2004 with slight modification. In addition, a survey was conducted in the three informal markets with 188 individuals who bought milk. B. cereus was found in 27% of the udder milk samples while 41% of the samples taken from seller's pooled milk contained B. cereus. Out of the 183 milk consumers, 14% reported daily consumption of unheated milk, indicating the high probability of exposure to B. cereus and other foodborne illnesses. After milk consumption, 13% of consumers reported that they contracted a foodborne illness. In conclusion, milk produced and sold in informal markets in Abidjan represents a risk for consumers' health and B. cereus is one possible cause. Milk quality could be improved by good hygiene practices, strengthening and targeting educational interventions and effective monitoring throughout the production and delivery chain.
Introduction
In Africa, milk and dairy products play an important role in human nutrition. Milk production is one of the most important livestock activities in West Africa and contributes to approximately 34% of the income of the milk producer (CSAO-OCDE/CEDEAO 2008). In Côte d'Ivoire, milk production fills only 10-18% of national demand for dairy products (BAD 2002) . Approximately 92% of farmers are small scale (Youan-Bi 2008) and the majority of fresh milk is sold directly to consumers by farmers and small-scale traders in informal markets.
Most herders and milkers have little understanding of the hygiene and sanitary aspects of milk production. The practices of herders, milkers, collectors and sellers throughout the production chain do not adequately prevent or reduce contamination by pathogens capable of causing foodborne illnesses amongst consumers. Bacillus cereus, a common soil inhabitant, is one such pathogen. It is often present in milk and dairy products and considered an emerging opportunistic pathogen and an indicator of environmental contamination (Larsen and Jorgensen 1997) . It is responsible for two different types of foodborne illnesses in humans, namely diarrhoeal and emetic forms, which are attributed to the bacteria's toxins (Rajkovic et al. 2008) .
The impact of B. cereus on milk quality has never been studied in Abidjan, the largest city in Côte d'Ivoire. This study aimed at assessing the contamination of raw milk produced in traditional dairy farms in Abidjan with B. cereus, from the farm to retail, and to assess the risk for consumers in informal markets using a participatory approach. To achieve these objectives, (a) the milk production and marketing systems in Abidjan were characterised, (b) B. cereus isolates were identified at different stages of the production chain and (c) the risk to consumers was assessed through a survey relating to the consumption of raw milk and potential risk factors were identified.
Materials and methods

Study area
We conducted a cross-sectional study of the traditional dairy production system and informal marketing chain for raw milk in Abidjan. Four milk production sites were selected in peri-urban areas of Abidjan: Port-Bouët abattoir (four farms), Songon-té (one farm), Lièvre-rouge in Yopougon (two farms) and N'dotré Abobo (eight farms). Three of these four sites had informal raw milk markets and were selected for sampling pooled milk from sellers and for interviewing milk sellers: Port-Bouët abattoir (six sellers), Lièvre-rouge in Yopougon (two sellers) and Abobo-derrière rails (seven sellers). These sites were selected purposively, based on the population density, importance of the markets for the traditional dairy sector and the willingness of the actors (herdsmen, livestock owners, milk collectors and sellers) to participate in the study. The sites selected were estimated to incorporate 70% of traditional milk production chain in Abidjan.
Milk and water samples
Samples were collected on 17 occasions between October 2008 and September 2009, in the early morning after Muslim prayer time between 6:30 and 8:00 a.m. To identify the sources of contamination with B. cereus, different types of samples were aseptically collected before milking. Firstly, a pot containing 100 mL sterile distilled water was exposed to the open environment in an area where cows are milked for 15 min to assess environmental bacterial pollution. Secondly, the herder's milk containers were washed with 100 mL sterile distilled tap water and the recovered water was then collected in a sterile container to determine the contamination of the containers. Thirdly, swabs were collected from the skin of the udders of each cow milked. Fourthly, swabs from the hands of each milker were sampled. Fifthly, if farmers used a water storage container for water for household use, a volume of 100 mL of tap water from the household water storage container was collected in 150 mL sterile pots.
To determine the points along the "farm to retail" chain at which contamination with B. cereus could occur, samples (100 mL aliquots) were collected aseptically in sterile 150 mL pots from the following three steps of milk production chain: (a) raw milk directly taken from all four teats of each cow after removal of the first jet of milk; (b) bulk milk from each farm, after brief mixing; and (c) pooled milk from sellers in informal markets. All samples examined are showed in Table 1 . Immediately after collection, samples were chilled in an ice cooler box at 4°C and transported to the laboratory of the Centre Suisse de Recherches Scientifiques en Côte d'Ivoire (CSRS) for analysis within 2 h after sampling.
Isolation and identification of B. cereus
In total, 320 samples including 150 milk samples were collected for the identification and quantification of B. cereus. Samples were decimal diluted according to standard NF V 08-010 (AFNOR 1996) 
Participatory risk assessment of the production chain of local raw milk
Farmers were interviewed using a structured questionnaire in order to obtain information about the dairy production system, milk handling, hygiene and sanitary conditions of the farms.
An assessment of the impact of raw milk consumption on consumer health was conducted through consumer surveys. A total of 188 individuals who bought milk in the three informal markets were interviewed at the selling points. The questionnaire included questions relating to consumers' perceptions of the benefits of milk, consumption patterns, quantity and frequency of milk consumption and history and severity of illness following consumption of raw milk. Basic demographic information such as age, educational level and religion were also collected. The severity of adverse health effects due to milk consumption was determined by a scale ranging from 1 to 10, defined as follows: (1-3) mild illness, (4-8) severe illness and (9-10) very severe illness resulting in hospitalisation. Additionally, four focus group discussions were conducted in order to understand the practices and risk behaviours observed throughout the production chain and during milk consumption, such as knowledge of foodborne illness and factors influencing raw milk consumption. Each focus group included the livestock herders, the milkers, the livestock owners, the milk collectors, the milk sellers and the milk consumers.
Statistical analysis
All data were analysed with the statistical programme IBM SPSS version 19 (French version) for Windows (SPSS Inc., Chicago, USA). Descriptive statistics such as prevalence, mean and standard deviation were calculated for quantitative variables. Geometric and log-transformed means were used to calculate bacterial load. The least significant difference between the mean was determined. The relative risk (RR) of reported illness after milk consumption was calculated for various hypothesised risk factors. The mean probability of ingestion of raw milk contaminated by B. cereus at SD standard deviation the level posing a risk to human health was calculated as the proportion of raw milk that had not undergone any heat treatment multiplied by the proportion of milk sales in excess of acceptable limits. These acceptable limits (m=50 CFU.mL −1 , M=500 CFU.mL −1 , infectious dose=10 5 CFU.mL −1 ) were defined using a combination of different regulations described elsewhere (Clabots 2007; European 2007) . The threshold for statistical significance was set at p<0.05.
Results and discussion
The milk production chain from farm to consumer in the informal sector in peri-urban areas of Abidjan is shown in Fig. 1 . High humidity, mud and animal excrement were present in all milking areas. The milking environment for 94% farms was deemed to be unsafe. Before, during and after milking, the skin of the udder and the hands of the milkers were not cleaned or disinfected. Soap and disinfectant were also not used.
Only one milker washed the utensils during all of the stages of milking. Calves usually suckled before milking. The milk was transported and distributed from farmers to sellers without cooling or heating. The unhygienic and unsanitary methods of milk production identified in the present study have also been described by several authors in Bamako, Mali (Bonfoh et al. 2003) and Niamey, Niger (Siousarran 2003). The practices identified could lead to contamination of raw milk on the farm with environmental B. cereus. Other sources of contamination are udder infections, addition of contaminated water and environmental contamination between farm and point of retail. The average loads and the prevalence of B. cereus along the milk production chain from farmers to sellers are shown in Table 1 . Of the B. cereus positive (7/17) pooled milk samples from sellers, three (18%) contained B. cereus from 1.7±0.5 to 2.7±0.8 log CFU.mL −1 and four (23%) contained B. cereus from 2.7±0.8 to 5.0±0.8 log CFU.mL −1 . In view of international standards, 18% of the pooled milk from sellers was classified to be of poor microbiological quality and 23% as very poor, posing a risk to human health. All of the contaminated pooled milk from sellers was above acceptable limits. B. cereus was found in 29% of the milk samples. Improper handling and temperature abuse between milking and retail would support growth of B. cereus. Indeed, the proportion of contaminated milk with B. cereus increased significantly from 27% to 41% from cows' udders to sellers' containers. Along the milk production chain, cows' udders and containers of herders and sellers are the critical points where the milk was contaminated by B. cereus. The udder skin, the tap water used by milker from household water container and the environment were the main sources of contamination (Table 1 ). The average load of B. cereus in the environment, on the udder skin and in the tap water used by milkers from household water container was 1.8±0.5, 2.2±0.6 and 2.6±0.7 log CFU.mL −1 , respectively. Milker's hands and utensils used for milking were secondary sources of contamination of milk by B. cereus, as prevalences were determined to be lower.
The consumer's survey is currently given in Table 2 . Only milk consumers were included in these calculations. The results showed that out of the 188 individuals who had bought milk at retail point, 183 (97%) consumed milk, 59 (32%) of these consumed milk daily and 112 (61%) consumed milk 1 to 5 days/week. On average, 0.44±0.6 L of milk was consumed per person each day. Overall, 52% (96/183) of the surveyed population consumed milk without any heat treatment. Nearly 14% (25/183) of consumers consumed unheated milk daily. Focus group discussion revealed that producers, sellers and some consumers believed that raw milk was of better quality than boiled milk, and they preferred to drink raw milk. They believed that milk consumption did not ever cause illness. The raw milk produced in the study area was used for cultural rituals (68%) and personal consumption (97%). Rituals involved distributing raw milk with bread products as a gift to family members and neighbours, particularly children as recommended by Muslim tradition. The results are in line with previous reports, in which offering milk to children is a method of Milking: 6:30-8:00am and 3:00-5:00pm Fig. 1 The informal milk production chain from farm to consumer in Abidjan.
(1) Milking, (2) filling the tank, (3) collection, (4) transport, (5) selling, (6) milk consumption trends purification because children are considered to be pure and holy (Fokou et al. 2010 ). Indeed, the study population considered raw milk as a natural product because it had been modified in any way. Thus, the high frequency of consumption of unheated milk (at least among consumers surveyed), sociocultural factors and consumers' mis-perception of milk quality (not boiling milk, milk cannot cause illness) could One to 2 days/month 9 5
One to 5 days/week 112 61
Daily 59 32 contribute to an overall increased risk, particularly to children is a risk factor for milkborne disease. By multiplying the proportion of raw milk that had not undergone any heat treatment (52%) with the proportion of seller's milk samples over acceptable limits (41%), it was estimated that the probability of consuming milk contaminated by B. cereus at the level posing a risk to human health was 21%. No one reported being ill after milk consumption at the time of interview, but symptoms potentially associated with food poisoning due to the consumption of milk were reported by milk consumers. In our study, symptoms potentially associated with food poisoning linked to the consumption of milk were reported by 13% (23/183) of milk consumers and most of these symptoms (74%) occurred less than 24 h after milk consumption (Table 3) . The occurrence of selfreported gastrointestinal illness was significantly related to the consumption of unheated local milk (RR=2.9; 95% CI=1.1-7.7, p=0.025). The fraction of risk attributable to the consumption of unheated milk was 61% and the attributable risk was 11%. Symptoms most often mentioned were diarrhoea (54%) and stomach pains (21%; Table 3 ). Of these illnesses, 13% were very severe requiring a stay for 1 to 3 days in a hospital. These results are similar to the findings of other studies (Dierick et al. 2005; Dromigny 2008; Oliver et al. 2009 ) which reported abdominal pain, cramps and diarrhoea as the main symptoms of the diarrhoeal syndromes. Sometimes, illnesses reported due to B. cereus can be severe, requiring hospitalisation and even sometimes resulting in death (Dierick et al. 2005; Dromigny 2008 ).
Conclusion
This study is to our knowledge the first reported assessment of B. cereus in the traditional milk value chain in Abidjan. Milk was shown to be heavily contaminated by B. cereus throughout the production chain from the farm to retail point. It is likely that milk produced and sold in informal markets in Abidjan presents a risk for consumers' health and B. cereus is one possible cause. Therefore, steps should be taken to improve milk quality including systems for monitoring milk quality and providing incentives for meeting quality standards are recommended. However, as milk and dairy products provide important contributions to livelihoods and nutrition, precaution is needed to ensure that measures taken to improve quality do not jeopardize these benefits. This study contributes to the understanding of the contamination of raw milk in Abidjan by B. cereus and the possible health implications.
